The purpose of this study is to assess how information sharing offices affect loan price and quantity in the African banking industry. The empirical evidence is based on a panel of 162 banks in 42 countries for the period 2001-2011. From the Generalised Method of Moments, public credit registries decrease loan price. With instrumental Quantile Regressions, two main findings are established. Public credit registries consistently decrease the price of loans whereas private credit bureaus consistently have the opposite effect. Public credit registries increase loan quantity in bottom quintiles (or banks associated with lower loan quantities) while private credit bureaus increase loan quantity in top quintiles (or banks associated with higher loan quantities).
Introduction
Access to finance remains a fundamental problem in African development because less than 20% of households on the continent have access to financial services in the formal banking sector (IFAD, 2011; . Consistent with the narrative, some of the documented factors restricting financial access include: limited communication infrastructure, low population densities and poor transport facilities. Even in regions that are characterised with substantial formal financial services, small corporations and some households may still be confronted with issues of lending requirements like collateral and strict documentation. Furthermore, when the fundamental lending requirements are fulfilled, substantial minimum saving requirements and high cost (e.g. transaction fees) could still limit access to finance.
A number of solutions have been documented on mechanisms by which such constraints to financial access can be addressed. These solutions that are associated with surplus liquidity are measures that can be employed to limit the involuntary and voluntary keeping of excess cash by financial institutions (see Saxegaard, 2006; Asongu, 2014, p.70 ).
On the one hand, measures that can be used to curb voluntary keeping of surplus cash include:
(i) aiding financial institutions to trace their positions at the level of central banks in order to prevent them from holding cash reserves above statutory requirements; (ii) strengthening institutions that facilitate lending between banks and (iii) boosting infrastructure and transportation so that banks in remote zones are not constrained to hold excess liquidity because of logistic reasons. On the other hand, the involuntary holding of cash by banks can be restricted by inter alia: (i) increasing the lending capacity of banks in situation of regulated interest rate; (ii) creating a favourable atmosphere that enables commercial banks to use bond markets as investment avenues for their surplus liquidity; (iii) boosting investment possibilities for regional banks through regional stock market promotion and (iv) decreasing contractions in lending by banks via measures that reduce information asymmetry and encourage interbank competition. The present inquiry is situated within the framework of the last point on information asymmetry.
Information sharing offices were introduced across Africa during the past decade in order to mitigate information asymmetry between lenders and borrowers in the banking industry. Unfortunately, a recent stream of literature on information asymmetry in the African banking industry is motivated by the fear that information sharing offices are not meeting their anticipated effects of increasing financial assess (Triki & Gajigo, 2014) . As a case in point, have established that the impacts of information sharing offices have negatively affected a plethora of financial development indicators. Furthermore, as we shall observe in the literature review section below, very limited scholarly attention has been devoted to examine the impact of information sharing offices on financial access in the continent.
Noticeably from the literature we shall engage in the section that follows, studies have fundamentally focused on developed nations, which in comparative terms have less concerns in financial access. In essence, whereas a great bulk of the literature has been positioned on the emerging economies of Asia and Latin America on the one hand and the Organisation for Economic Cooperation and Development countries on the one hand, Africa which has severe issues of financial access has not received the scholarly attention it deserves . To put this point into perspective, Galindo and Miller (2001) have not involved any African country, while Love and Mylenko (2003) have used four countries. Whereas Barth et al. (2009) have focused on nine countries, Triki and Gajigo (2014) , which is closest to the present inquiry have investigated 42 African countries for the period 2006-2009 using Probit models. This inquiry steers clear of Triki and Gajigo (2014) both from data and methodological standpoints. On the one hand, the periodicity is for the period 2001-2011. On the other hand, Generalised Method of Moments (GMM) and Instrumental Variable Quantile Regressions (IV QR) are employed.
The latter estimation technique is relevant because Triki and Gajigo (2014) have modelled the nexus between financial access and information sharing at the conditional mean of financial access. However, it is important to assess the linkages throughout the conditional distributions of financial access in order to emphasise banks that are characterised with high, intermediate and low levels of financial access. From a policy perspective, such distinctions are relevant because blanket policies are unlikely to succeed unless they are contingent on initial levels of financial access and tailored differently across banks characterised with varying levels of financial access. Furthermore, Triki and Gajigo (2014) have recognised their failure to account for endogeneity. In this study, the specifications are tailored to have some bite on endogeneity, notably, by: (i) controlling simultaneity and time invariant omitted variables with the GMM technique and (ii) accounting for the unobserved heterogeneity and simultaneity with the IVQR approach.
In a nutshell, the purpose of this inquiry is to address the highlighted research gaps by assessing whether the introduction of information sharing offices has decreased the price of loans and increased the quantity of loans 1 . The inquiry is of policy relevance because results could inform policy markers on instruments that can be used to enhance financial access in order to enable small businesses as well as poor households maximise their earnings and savings for more employment and productivity that culminate in higher economic growth 2 .
1 The term financial access is used interchangeably with 'loan price' and/or 'loan quantity' throughout this study. 2 The relationship between finance and growth has been substantially documented in the literature (Owosu & Odhiambo, 2014; Nyasha & Odhiambo, 2015a , 2015b .
The rest of the paper is organised in the following manner. Section 2 discusses the background, theoretical underpinnings and empirical literature. Section 3 covers the data and methodology whereas the empirical results are presented and discussed in Section 4. Section 5 concludes with implications and future research directions.
Background, theoretical underpinnings and empirical literature

Background
Credit reference agencies or information sharing offices are establishments that are designed to gather information on the debts of individual and commercial borrowers from multiple sources, namely, from: direct examination and public sources (usually for corporations), credit card companies and banks (usually for individuals) and retail lenders (Tchamyou & Asongu, 2017) . After the data collection process and cross-checking for a detailed report, the information is then consolidated. Such information from some credit histories can entail both negative and positive signals: (i) negative information which consists for the most part of default data and (ii) positive information which encompasses histories on repayment behaviour as well as closed and open credits.
Before the year 2008, data on information sharing offices were mostly established in a few countries, notably: for the emerging markets of Asia and Latin America and the Organisation for Economic Cooperation and Development countries (see Mylenko, 2008) .
The global financial crisis, coupled with the burgeoning information and communication technology has prompted the establishment of information sharing centres across Africa. It is important to note that with the exception of South Africa, only a handful of counties in Sub-Saharan Africa had credit reference bureaus before 2008. Moreover, the roles of such credit agencies were for the most part limited to the supervision of the banking sector in the few countries, inter alia: Rwanda, Nigeria and Mozambique. Unfortunately, lending rates remained high for a number of factors: lack of relevant incentives and technology and the incapacity of the credit agencies to disclose accurate and timely information on borrowers' history. On the growing demand from supervisors to consolidate practices of risk management as well as requirements from other financial institutions, many countries (e.g.
Zambia, Uganda, Tanzania, Nigeria and Ghana) responded before 2008 by instituting private credit bureaus.
Theoretical highlights
There are two main perspectives in the literature on the theoretical linkage between information sharing offices and financial access (see Claus & Grimes, 2003) . The first view articulates liquidity provisions by banks whereas the second perspective is oriented towards the capacity of banks to improve on the risk features of assets. Both perspectives however are grounded on the fundamental mission of financial intermediation which is to improve allocation efficiency by converting mobilised resources into credit. The theoretical underpinnings on which the mission of financial intermediation is emphasised build on the literature of imperfect market information. In essence, the main task of financial intermediaries is to decrease information and transaction costs resulting from information asymmetry between borrowers and lenders in the banking industry. Therefore, it is for the purpose of reducing such information asymmetry that information sharing offices were introduced in Africa over the past decade.
In the light of the above, the nexus between information sharing offices and financial access is apparent from two perspectives, namely: the mitigation of moral hazard on the part of borrowers and reduction of adverse selection from the side of lenders. On the one hand, information sharing offices enable banks to have a comprehensive picture of borrowers' credit histories. Enhanced knowledge on borrowers' information avoids additional interest rates that would otherwise have been imposed by banks to compensate for adverse selection. On the other hand, borrowers have the luxury of moral hazard once they have been granted loans because they can conceal activities to which the loan was granted with the agenda of limiting or avoiding compliance with their financial obligations towards banks. It is therefore the responsibility of information sharing offices to discipline borrowers on the risks of defaulting on their debts, especially on the short-sightedness of defaulting because they want to resort to the informal financial sector as a viable alternative to the formal financial sector. By acting as a market disciplining device, information sharing offices can mitigate the moral hazard of borrowers. In a nutshell: (i) ex-ante of lending, information sharing offices decrease adverse selection while (ii) ex-post of lending, these offices mitigate moral hazard. Within the former framework, loan price and loan quantity are expected to increase.
Empirical literature
Much of the literature on the linkage between information asymmetry and financial development has focused on: (i) the influence more information or data has on creditors' rights and (ii) the consequences of increasing information sharing among creditors. For the most part, the former perspective has been oriented towards how consolidated creditors' rights affect risk-taking by financial institutions and bankruptcy (Cleassens & Klapper, 2005; Houston et al., 2010; Djankov et al., 2011; Acharya et al., 2011) . The latter perspective is focused on how information sharing offices: increase credit availability (Triki & Gajigo, 2014; Brown et al., 2009; Djankov et al., 2007) ; reduce rates of default (Jappelli & Pagano, 2002) ; mitigate the cost of credit (Brown et al., 2009) ; affect antitrust intervention (Coccorese, 2012) ; influence syndicated bank loans (Tanjung et al., 2010; Ivashina, 2009 ) and impact lending that is related to corruption (Barth et al., 2009 ). Galindo and Miller (2001) have investigated how mitigating information asymmetry affects financial access to establish that developed nations that have credit registries are more associated with lower degrees of restrictions in access to finance when compared to less developed countries with credit bureaus. Love and Mylenko (2000) have used a combination of public credit registries and private credit bureaus with firm-related data from the World Bank Business Environment Survey to examine whether increased information sharing decrease constraints in financial access, as perceived by managers. The results demonstrate that private credit bureaus are associated with higher levels of financial access while public credit registries do not have any substantial effect on mitigating financial access constraints. Barth et al. (2009) have examined the effect of: (i) information asymmetry and (ii) lender and borrower competition on corruption-related lending via information sharing offices by employing data from the World Bank Business Environment Survey. Two main results are established. On the one hand, corrupt-oriented lending is mitigated by banking competition and increasing information sharing positively affects the mitigating tendency. On the other hand, corrupt-oriented lending is influenced by the ownership structure of firms, the legal environment and competition among firms. have assessed information sharing thresholds at which reducing information asymmetry enhances financial development to establish that information sharing offices negatively affect financial access for the most part. The results show that information sharing offices negatively influence financial depth with the magnitude from public credit registries comparatively higher relative to private credit bureaus. Private credit bureaus have a higher incidence on banking system efficiency while the impact of public credit registries is insignificant. Information sharing offices have negative impacts on financial activity with the incidence from private credit bureaus comparatively lower. Triki and Gajigo (2014) which is closest to this inquiry have assessed two main concerns, notably: the effect of information sharing offices on financial access by businesses and the impact of public credit registries' design on financial access constraints. Two principal results are established. First, there is considerable heterogeneity in access to finance and how information sharing offices are designed with public credit registries. Second, financial access is comparatively more pronounced in nations that are characterised with more private credit bureaus compared to nations with public credit registries or no information sharing offices.
Data and Methodology
Data
The study examines a panel of 162 banks in 42 countries with data from Bankscope and the World Bank Development Indicators for the period 2001-2011. The number of countries, banks and periodicity is due to data availability constraints. Accordingly, data on information sharing offices is only available from 2001. Consistent with Coccorese and Pellecchia (2010) , dependent variables for 'loan price' and 'loan quantity' are respectively the 'price charged on loans' and 'logarithms of loans'.
In accordance with Triki and Gajigo (2014) , information sharing offices are measured with public credit registries and private credit bureaus. The present inquiry controls for market-level characteristics (GDP per capita growth, inflation and population density), bankoriented features (Deposits/Assets and Bank branches) and the unobserved heterogeneity in bank: ownership (foreign versus (vs) domestic), size (large vs. small) and 'compliance with Sharia finance' (Islamic vs. non-Islamic).
With regards to bank-oriented features, the following expected signs are anticipated.
First, the 'deposit to asset ratio' is expected to increase the price and quantity of loans. Accordingly, given that deposits are the main sources of finance for banks, a higher proportion of deposits among liquid liabilities could augment the quantity of loans (and interest margins) given that good organisation is required for management and mobilisation.
Second, from intuition, the number of bank branches should positively (negatively) affect the quantity (price) of loans due to a competition-impact that brings-down prices while augmenting quantity.
As concerns market-related characteristics, the following are worthwhile. First, while GDP per capita growth which has been included to control for business cycle fluctuations is intuitively expected to positively influence the quantity of loans, the expected sign on loan price remains ambiguous because it depends on market expansion and dynamism.
Nonetheless, decreasing GDP per capita is likely to affect loan price and loan quantity due to low demand. Therefore, negative signs are expected because over the past decade, GDP per capita has been depleting in most African countries because GDP growth has been increasing at a lower rate than population growth (Asongu, 2013a) . Second, population density should affect both quantity and price of loans positively. Accordingly, more demand in bank loans due to high population density drives-up the price of loans. Third, inflation should increase (decrease) the price (quantity) of loans. Investors have been documented to prefer investing in less ambiguous economic environments (see Le . Accordingly, there is likely to be less investment (or quantity of loans) in periods of economic uncertainty (like high inflation) and therefore the price of loans is expected to increase with uncertainty in inflation because interest rates are adjusted for inflation.
It is difficult to establish the expected signs of the dummy variables used to control for the unobserved heterogeneity. For instance, bank size (small vs. big) could be linked to both positive and negative impacts on loan dynamics, contingent on the organisation and coordination of concerns linked with larger bank size. Moreover, dealing with more branches that are associated with big banks can also generate inefficiencies due to concerns encountered while meeting customer requirements and needs. Within the same perspective, the incidence of ownership (foreign vs. domestic) and compliance with Sharia finance (Islamic vs. non-Islamic) is contingent on a multitude of factors, inter alia: organizational capabilities of staff and dynamism and expansion of markets. The expected signs of the control variables are disclosed in Appendix 1 while the definition of variables and corresponding sources are provided in Appendix 2. The summary statistics and correlation matrix are disclosed respectively in Appendix 3 and Appendix 4.
Methodology
Generalised methods of moments: specification, identification and exclusion restrictions
The GMM empirical strategy is adopted for five main reasons; the first-two are basic requirements for employing the technique whereas the last-three are advantages that are linked to the choice of the empirical strategy. First, the technique accounts for persistence in loan quantity and price since the criterion for persistence are met. Accordingly, the correlations between loan quantity and price and their first lags are respectively 0.996 and 0.845 which are above the 0.800 criterion used to ascertain persistence in dependent variables.
Second, the N (or 162)>T(or 11) criterion for the employment of the GMM technique is also met because the number of cross sections is higher than the number of time series in each cross section. Third, the technique controls for endogeneity in all regressors by employing instrumental values of regressors and accounting for time invariant omitted variables. Fourth, the system GMM estimator also corrects for small sample biases in the difference GMM estimator. Fifth, cross-country differences are considered in the specifications.
Whereas the system GMM estimator (see Blundell & Bond, 1998; Arellano & Bond, 1995) has been documented (see Bond et al., 2001, pp. 3-4) to have better properties than the difference estimator (Arellano & Bond, 1991) , this inquiry adopts the Roodman (2009ab) extension of Arellano and Bover (1995) that employs forward orthogonal deviations as opposed to first differences because the technique has been documented to limit instrument proliferation and restrict over-identification (see Baltagi, 2008; Love & Zicchino, 2006) . A two-step approach is preferred to the one-step specification because it controls for heteroscedasticity.
The following equations in levels (1) and first difference (2) summarize the standard system GMM estimation procedure for loan prices. (1) and (2) are replicated when the dependent variable is loan quantity.
It is important to allocate space to engage identification and exclusion restrictions.
Consistent with recent literature, all explanatory variables are acknowledged as predetermined or suspected endogenous while only years are treated as strictly exogenous (see Dewan & Ramaprasad, 2014; Asongu & Nwachukwu, 2016a) , principally because it is not apparent for years to become endogenous in first-difference (see Roodman, 2009b) . Hence, the approach for treating ivstyle (years) is 'iv(years, eq(diff))' while the gmmstyle is used for suspected endogenous variables.
In the light of the above, years or strictly exogenous instruments affect the outcome variables exclusively via the endogenous explaining or predetermined variables. Beck et al., 2003; , in the GMM approach which uses forward orthogonal deviations, the information criterion used to investigate if years exhibit strict exogeneity is the DHT. In the results that are reported in Section 4, the exclusion restriction assumption is validated if the null hypothesis of the DHT corresponding to IV (year, eq(diff)) is not rejected.
Instrumental Quantile regressions
In order to control for initial levels of loan quantity and loan price, the inquiry is consistent with the literature on conditional determinants by adopting a Quantile Regressions (QR) estimation approach (see Keonker & Hallock, 2001; Billger & Goel, 2009; Okada & Samreth, 2012; Asongu, 2013b) . Accordingly, the QR approach consists of investigating the relationship between information sharing offices and the outcome variables throughout the conditional distributions of the outcome variables.
The existing information sharing literature has focused on the conditional mean of financial access (see Triki & Gajigo, 2014; . Whereas mean effects are important, we extend the literature by using an estimation approach that accounts for initial levels of loan price and quantity. Moreover, studies that articulate mean impacts with Ordinary Least Squares (OLS) are founded on the assumption of normally distributed error terms. This hypothesis of error terms that are normally distributed does not hold with QR.
Moreover, the QR approach enables the inquiry to assess the relationship between information sharing and financial access with particular emphasis on banks with high, intermediate and low levels of loan and quantity price. The QR approach which is robust to the presence of outliers therefore enables investigation of parameter estimates at various points of the conditional distribution of the outcome variable (Koenker & Bassett, 1978) .
The issue of endogeneity is tackled by employing an Instrumental Variable QR (IVQR) procedure. The instrumentation procedure for an information sharing office (e.g.
public credit registries) is in Eq.
(3) below. Tables 3 and 4 present QR findings corresponding respectively to loan price and loan quantity. Like with GMM findings, each table has three sets of specifications corresponding to public credit registries, private credit bureaus and information sharing offices (including both public credit registries and private credit bureaus). Consistent differences in information sharing offices estimated coefficients between OLS and quintiles (in terms of sign, significance and magnitude of significance) justify the relevance of adopting the empirical strategy.
Empirical results
Presentation of results
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Further discussion of results and policy implications
This section is engaged in two main strands, namely: the nexus with the literature and implication of the findings. First, on the relationship with existing literature, beyond the established significant estimates in distinct quintiles of loan quantity and price (which we discuss in the second strand), the main findings can be summarised as follows: while both information sharing offices are important for increasing loan quantity, public credit registries are comparatively better for financial access because they decrease loan prices compared to private credit bureaus that increase it. Hence, in the narrative that follows it is assumed that public credit registries have an edge in reducing financing constraints.
From a broad angle, the findings are in accordance with Singh et al. (2009) who have reached the conclusion that African countries which promote information sharing offices enjoy higher levels of financial access. The findings are also in line with Galindo and Miller (2001) in the view that countries with comparatively improved credit registries would enjoy less restrictions to financial access compared to their counterparts with less developed information sharing offices. This narrative accords with this study because private credit bureaus are relatively undeveloped compared to public credit registries. Appendix 5 which substantiates this perspective shows that many countries have public credit registries compared to private credit bureaus.
The findings are not in agreement with Love and Mylenko (2003) because they have concluded that private credit bureaus are linked to higher levels of financial access while public credit registries do not have any substantial effect in mitigating financial access constraints. Our results do not also align with Triki and Gajigo (2014) who have established that financial access is comparatively higher in nations with private credit bureaus compared to those with public credit registries or neither institution.
In the second strand, the following implication is directly derivable from the findings.
(1) Public credit registries are more useful in increasing financial access from banks with comparatively low levels of quantity of loans and private credit bureaus are more instrumental in improving financial access from banks with comparatively high levels of quantity of loans.
As a direct policy implication, in order to increase loan quantity, public credit registries should target banks offering comparatively lower quantity of loans while private credit bureaus should target banks offering higher quantity of loans.
Conclusion and future research directions
The purpose of this study has been to assess how information sharing offices affect loan price and quantity in the African banking industry. 
